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 One of the possible mechanisms for acoustic emission of growing 
micro-cracks under conditions of the material machining by com-
pressed abrasive has been theoretically studied. Physical ground of 
this mechanism is the dislocation creep in the field of instant contact 
temperature on stage of micro-cutting with appearance of the wedge-
shaped cavity. It has been shown that the energy density for radiated 
acoustic wave at the moment when the cavity is opened essentially 
depends on parameters of the material abrasive machining.  
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1.   Introduction  
 
Interest to acoustic emission for micro-cracks is stimulated by possibilities to 
use it in nondestructive control of mechanical state of material in processes of its 
machining or exploitation [1-3]. Also the interest is due to fundamental aspect 
which is related to application of the acoustic emission method to research mi-
cro-cracks growth physical mechanisms [2, 4]. Some general method of analysis 
of the acoustic emission of arbitrary micro-cracks in the restricted elastic solids 
has been developed in Ref. [1]. This method is based on the Huygens principle 
and allows one to determine both the law of motion of micro-cracks edges under 
influence of applied external stress and the spectral density of acoustic emission.  
However, theoretical approach developed in Ref. [1] does not contain 
any real physical mechanisms of the micro-cracks appearance prior to its open-
ing. Investigations of these mechanisms are especially important to understand 
processes of machining of material by a compressed abrasive. Indeed, heat proc-
esses which are initiated by instant contact temperature on the stage of micro-
cutting can stimulate structural changes of the defects in material surface layer. 
These changes are related to motion of dislocations. Besides, accumulation of 
dislocations near to impurity is one of the possible mechanisms of the formation 
of micro-cracks [4]. 
 
 2.   The theoretical model of acoustic emission 
  
Mechanism of acoustic emission for micro-cracks, which are appeared under 
process of dislocation strengthening during micro-cutting in the material surface 
layer of the machining sample, has been theoretically investigated in this paper 
within the framework Huygens principle for elastic material. Physical grounds 
of this mechanism are represented by the dislocation creep, which is stimulated 
by temperature pulse. As the result of this, a number of parallel dislocations ac-
cumulate near to obstacle, which is appeared as impurity release. In the region 
of such accumulation, the wedge-shaped cavity can arise, and this cavity can be 
a source of the micro-crack appearance. Acoustic emission takes place in the 
moment of the cavity opening; and, as it will be demonstrated, its spectral den-
sity of radiation essentially depends from parameters of dislocation creep and 
from the material abrasive machining.  
As it is known [5] in the process of micro-cutting, strong temperature 
pulses can arise. Characteristic time for this process  is determined by the 0t
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mean width of micro-ledges mL  and the mean velocity υ of the abrasive grain: 
0 mt L= υ . For example, it equals 50 10 st −=  for 2 /m s=υ  and 
200m mcmL = . As the result, dislocations can be released from fixed impu-
rity and under any critical stress dislocations can drift together with an impurity 
cloud [4]. Estimation of the instant contact temperature can be made in terms of 
simplest boundary-value problem with the instant heat source 
( ) ( ) (0,F x t Q x t= δ −ξ δ −τ) , where 220 2Q M L⎛⎜⎝ ⎠= υ π ⎞⎟  is the source in-
tensity, M  is the mean value of the abrasive grain mass.  
It is then easy to demonstrate that value of the instant contact tempera-
ture can be represented as: 
( ) 0 21 2, 12e
Q a tT x t Arcth
cg LL
Λ= ⋅ ⋅ +π ,   (1) 
where the brackets in the left-hand-side of Eq. (1) mean that ( ),T x t  is meant 
with respect to the dislocation effective length  with the weight function 
 of the Gauss type 
l
( )N l ( ) ( ) ( )2 2 2expN L L= Λ − πl l , where  is the 
common dislocation length in the part material, 
Λ
L  is the mean length of disloca-
tion loop,  с is the material specific heat, ρ  is the material density,  is the 
temperature transport coefficient. 
2a
Let us estimate ( ),
e
T x t  for the following numerical values: 
( )2 3 06 10 , 60 , 460 , 7800 , 10 ,m mm L mcm c J kg K kg Q J−Λ= ⋅ = = ⋅ ρ= ≈
26,7
3 2
M m=  for the parameter of granularity 80, 50 10 st t −= = . The estima-
tion is ( ), 1820
e
T x t K≈ . One can se that the instant contact temperature can 
be as high as the metal melting temperature [5]. Dislocation can escape the im-
purity cloud, with subsequent joint drift in the temperature field, under any criti-
cal stress, which can arise, for example, during micro-cutting. Under these con-
ditions, the critical drift speed êυ  can be determined as [4]: ( )
0
8
2ê
D t
r
=υ ,      (2) 
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where ( ) ( )( )0 exp , eD t D Q k T x t⎡⎢⎣ ⎦= − ⎤⎥  is the diffusion coefficient for fix-
ing impurity in field of the instant contact temperature; Q  is the diffusion acti-
vation energy;  is the radius of Kotrell cloud around dislocation loop. 0r
Taking into account Eq. (2), the critical speed of creep  êε   can be writ-
ten as [4]: 
                    
( )
0
8
2 dê
D t
bN
r
=ε  ,    (3) 
where b is the Burgers’ vector value;  is the dislocation density in material 
of machining part. 
dN
As it has been mentioned above, during the drift some part of disloca-
tions is joined together and can form the wedge-shaped cavity (near obstacle) 
[4]. In the region of such accumulation, a stable cavity of length 2nL n b=  can 
arise from  dislocations that can lead to appearance of micro-cracks. Substitut-
ing , where 
n
ên ≈ ε τ  2τ = π ω  is the time period up to the micro-cracks growth 
begins and  is the angular speed for the machining part rotation, we obtain for ω
nL : 
( )
2
0
8
2
d
n
bNb D t
r
L ⎡ ⎤⎢⎢ ⎥⎣ ⎦
= ⎥τ .     (4) 
As we can see from Eq. (4), the growth value for the wedge-shaped cav-
ity is determined mostly by the diffusion mobility of impurity, which “deco-
rates” dislocation, and also by the dislocation density and of course by the pa-
rameters of the material abrasive machining,. , , ,u Mυ ω . Calculation of nL  for 
the following values:  
5
0
10 7 2 16 2
0 , 1010 , 5 / , 10 / , 1,3 , 10dm tb m rad s D s Q eV N m
−− − == ω= ≈ ≈ = ,s−  
( ) 11 20 02,8 10 / , 2 0,1 , 60 ,D t m s r m L m−≈ ⋅ = µ ≈ µ  gives . 0,85n mmL ≈
Theoretical approach to the cavity acoustics is based on the Huygens 
principle for solid elastic media [1] with account of dislocation creep in condi-
tions of the material abrasive machinery. Since the cavity is a primary medium 
cut, which is opened by influence of applied mechanical stresses without change 
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of effective length nL  such a situation is equivalent to model of the “instantly 
spreading micro-crack” [1]. Here, the energy density W for radiating acoustic 
wave, as it has been demonstrated earlier [4], is approximately determined as 
2 4 4
0
6 664
n s
e
LW
c
σ ω≈ π ρ ,       (5) 
where  is the amplitude of mechanical stress; 0σ sω  is the frequency of the 
acoustic wave; се is the limit speed for lowest symmetric Lamb mode [1]. 
Substituting , we obtain 
from Eq. (5)  amd the radiation intensity is 
5 2
0 10 / , 0,85 , 3n sN m L mm MHzσ = = ω =
382 / ,W J≈ µ m
20,05 /I mW cm≈ . 
 
3. Conclusions 
 
One of the possible mechanisms of the micro-cracks appearance, which 
is related to dislocation creep initiated by field of the instant contact temperature 
on the stage of micro-cutting, has been developed.  
Our numerical estimations show that the surface material layer, as the 
result of the micro-cutting process, gets dislocation strengthening, under which 
the wedge-shaped cavity can arise. Also, the acoustic emission takes place at the 
moment when the cavity is opened. This can be identified experimentally.  
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